The influence of soil preparation on the development of ground vegetation during the establishment of forest plantations was studied. It was found that in the first-year plantations on former farmland the least biomass of ground vegetation develops on furrows. Complete soil tillage to the depth of 22-27 cm, ploughed in berms or elimination of weeds with Roundup Bio may reduce the biomass of ground vegetation by up to two times. Soil ploughing in berms or piles always reduced the mass of weeds.
Introduction
The success of forest regeneration and plantation establishment is considerably influenced by the competing ground vegetation (Thompson, Pitt, 2003) . The growth and development of competing vegetation depends on the characteristics (fertility and moisture content) of the planting area (Pawers, Reynolds, 1999) , species composition of the competing vegetation (Miller et al., 2003) , silvicultural measures (Gemmel et al., 1996) , as well as on the size of planted species and seedlings (Reynolds et al., 2002; Rosse, Ketchum, 2003) .
Having felled stand of medium or high stocking level, the number of ground vegetation species and their projection covering substantially decrease. In the secondthird year after felling, projection covering of the ground vegetation rapidly augments, and its maximum is reached, depending on forest type, in the fourth-seventh year after felling (Юряленис, 1975) . Heath-rush (Juncus sp.) (50%) starts prevailing in the ground vegetation in Myrtillooxalidosum forest types, followed by Deschampsia flexuosa (L.) Trin. In Oxalidosum forest types, Pteridium aquilinum (L.) Kuhn) and Calamagrostis arundinacea (L.) Roth) become widespread, while in Hepaticooxalidosum -Rubus idaeus L. (80% of the area). A significantly smaller area is covered by C. arundinacea. In the clear-cuts of Oxalido-nemorosum forest types Deschampsia cespitosa (L.) P.Beauv., Rubus idaeus and Juncus occupy almost equal areas. On the forest clearcuts areas of Aegopodiosum types prevails Aegopodium podagraria L., followed by Cirsium, Ranunculus, Geum, which, in the case when A. podagraria fails to become widespread, may occupy a prevailing position, while in the forest clear-cuts areas of Mixtoherbosum forest types Calamagrostis canescens (Weber) Roth becomes the most widespread, smaller areas are occupied by D. cespitosa, and Juncus sp. (Юряленис, 1975) .
Establishing plantations on former farmland, the competition from ground vegetation may have detrimental effect on the cultivated plants (Hytönen, Jylhä, 2005) . The afforestation of former farmlands is by far more difficult than that of cutovers. Farmlands and abandoned lands contain over 50000 viable seeds of mostly pioneer species per 1 m 2 (Kiirikki, 1993) . The seeds may remain viable for a very long period of more than 20 years (Kiirikki, 1993) . Annual weeds are
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The influence of soil preparation on the development of ground vegetation in forest plantations on arable farmland and forest clear-cut areas followed by perennial ones. Weeds prevail for a long time since afforestation and this cover fails to become normal forest even after 16-17 years (Rossi et al., 1993) . In 35-50-year-old plantations or naturally regenerated forests on former farmland, ground vegetation typical of forest already prevails, although quite frequently vegetation typical of farmlands is observed (Malinauskas, Ubaitis, 2002; 2010) . One of the most important problems encountered when afforesting former farmlands is control of development of ground vegetation, the growth and development of which is much faster than on forest soils (Hytönen, Jylhä, 2005) . The main factor preconditioning faster growth of the ground vegetation on former farmland is a higher amount of nutrients (Hytönen, Ekola, 1993; Hytönen, Wall, 1997) .
Competing vegetation is destroyed (mechanically or chemically), its growth and development is restricted, at the same time affecting the cultivated plants (hay-making, trampling, mulching, planting of grasses). The spreading and growth of the competing vegetation may be significantly influenced by the preparation of the planting site (Smirh et al., 1997) .
The aim of this work was to ascertain the influence of different soil preparation methods on the distribution of the competing vegetation in the cutovers on normally humid and temporarily overmoistured soils, as well as on former farmlands of different fertility and humidity.
Materials and methods
The research trial was set up at the Institute of Forestry, Lithuanian Research Centre for Agriculture and Forestry. The studies on the influence of soil preparation on the distribution of competing vegetation were conducted in the clear-cuts of deciduous with spruce and broadleaved stands of Hepatico-oxalidosum, Oxalidonemorosum and Aegopodiosum forest types (according to Karazija, 1988) in Panevėžys, Tauragė and Telšiai forest enterprises ( Table 1 ). The soils in the testing plots were classified as Podsol (JD), Luvisol (ID) and Albeluvisol (JI) (according to Buivydaitė et al., 2001 ). 
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Studies on the influence of different soil preparation methods on the abundance of weed vegetation in the first and second year plantations on former arable farmlands were carried out in Anykščiai, Panevėžys, Tauragė and Telšiai forest enterprises. The number of replications of different soil preparation methods in one site was 3-4, except soil preparation on relatively fertile dry soil in Telšiai forest enterprise in 50 cm wide and 20 cm high inverted humus mound (three replications). The soil was prepared in August-September. In the replications involving chemical soil preparation, the chemical treatment was carried out two weeks before the mechanical soil preparation. The dose of 4 l ha -1 of glyphosate standard preparation Roundup Bio 360 ml of active ingredient per litre was used.
The plantation was established in the spring of the following year. The biomass of above ground vegetation was ascertained in the second half of August -the first half of September, next year following soil preparation, cutting it at the ground level in 40 × 50 cm sized sampling plots (at 10 sampling plots for each replication). Later the biomass was dried at 105°C temperature until oven dry weight, and weighed.
Biomass of the competing vegetation, species composition, the prevailing species and their mean height have been ascertained. For this reason, in each sampling plot 50 highest plants were selected and measured for height with an accuracy of 1 cm. Shading class of the ground vegetation on each seedling was assessed as follows: no shading (0), one quarter (1), half (2), or three quarters of the seedling in shade (3) and fully shaded (4) (Hytönen, Jylhä, 2005) .
Tending of the plantation was carried out in the first two weeks of July by destroying weeds with a hoe at a radius of 25 cm around seedlings.
The data statistics were presented as mean from the replicates and were reported as mean ± standard error of the mean using analysis of variance procedures. Statistical significance (at P ≤ 0.05 and P ≤ 0.01) of differences between means of treatments and control was estimated using t-test (the PDIFF option under the mixed procedure of the software SAS ® Analytical Products 12.1) (SAS Institute Inc., USA, 2012).
Results
One of the primary objectives of soil preparation for forest plantations is the reduction or elimination of the competition from the ground vegetation. Some soil preparation methods may significantly reduce the further tending of plantations. In the clear-cuts of normal humidity, soil may be prepared at surface level, lower or higher than the general soil surface, while in the cutovers of temporarily overmoistured soils planting places should be higher or at the same level as the ground level. In Hepatico-oxalidosum forest type cutover of broadleaved (aspen and birch) stand with Norway spruce, the dry biomass of ground vegetation in the first year of plantation growth comprised on an average 395 g m -2 (Table 2 ). The dry biomass of weeds in the soil prepared in ploughed tilts, depending on the thickness and width of the berm, comprised 28-56% of the biomass found in unprepared soil, on loosened strips respectively 30%, on strips ploughed at ground surface -4-21%, while on 10 cm deep furrows -12%. With increasing ploughing depth from 10 to 30 cm, the dry biomass of weeds decreased in average twice, while with increasing tilt width from 40 to 100 cm -1.6 times.
Soil preparation reduces not only the biomass of weeds but also the height. Mean height of weeds in Hepatico-oxalidosum forest type on unprepared soil was 90 cm, while in soil prepared by different methods -40-70 cm. In the clear-cuts of temporarily overmoistured soils (Oxalido-nemorosum and Aegopodiosum forest type), the biomass of weeds, depending on soil preparation method, varied similarly to Hepatico-oxalidosum forest type, but their mass in the first year of plantation growth was lower. It depended on the species composition of weeds. If on Hepatico-oxalidosum forest type the most widespread are Rubus idaeus L., Calamagrostis arundinacea (L.) Roth), Urtica dioica L., then on Oxalido-nemorosum site -Deschampsia cespitosa (L.) P.Beauv., Calamagrostis canescens (Weber) Roth, Juncus, while R. idaeus and C. arundinacea is observed less frequently. On the fresh cutovers of Aegopodiosum stands broadleaved weeds prevailed: Aegopodium podagraria L., Impatiens nolitangere L., Ranunculus repens L., Galium palustre L. In the first year of plantation growth, in prepared soil the weeds were only about 20 cm in height and were not able to shade the cultivated plants. In the second and the third year, the biomass and height of weeds, especially in prepared soil, increased, the species composition of weeds underwent changes, the amount of grain grasses increased, but even in plantations of the third year the biomass of weeds on mounds was twice as low as that in unprepared soil. In the third year of the growth of plantation, weed-free piles and berms of soil occurred sometimes.
The biomass of weed vegetation on former farmlands of similar fertility is higher than in forest soils, while soil preparation may have a rather distinct, but most often significantly less influence (Fig.) . In the plantations of the first year, independent of soil fertility and moisture content, the least biomass of weeds was on furrows, while considerably higher on the soil prepared in other ways. On 15 cm deep furrows the biomass of weeds was less than on 8-10 cm deep furrows.
The following soil preparation methodscomplete soil ploughing (to 22-27 cm depth), its preparation in tilts and killing of weeds by Roundup Bio -may decrease the biomass of weeds by up to two times. Other soil preparation methods reduce the mass of weeds too. Weed-killing by Roundup Bio prior to mechanical soil preparation reduced the mass of weeds in average by 1.2-2.6 times. Essentially (P ≤ 0.01) differs only the thickness of piles and berms formed inverting the soil to 180°. Lower (1.4-1.9 times) biomass of weeds in the soil prepared in piles, as compared to tilts, was due to the fact that some piles contained inverted outside illuvial horizon.
In the second year of the growth of plantation, differences in the biomass among different soil preparation methods decreased; however, the tendencies remained similar. In the unprepared soil of former farmland Gramineae weeds, such as Elytrigia repens Adverse effect of weed vegetation on plantations depended not only on their mass, species composition, but also on their height. The height of weeds depended on berm height 10 cm, 230 ± 12* 70 ± 5* 20 cm, 142 ± 11** 64 ± 3** 30 cm 115 ± 10** 49 ± 7** berm width 40 cm, 192 ± 13** 61 ± 2** 60 cm, 169 ± 12** 63 ± 3** 80 cm, 115 ± 10** 55 ± 4** 100 cm 110 ± 9** 51 ± 8** Strips ploughing:
ploughing depth 10 cm, 84 ± 8** 52 ± 3** 20 cm, 75 ± 8** 54 ± 4** 30 cm 49 ± 6** 40 ± 6** ploughing width 60 cm, 78 ± 7** 44 ± 2** 100 cm 45 ± 3** 42 ± 7** Inverted humus mound (height 20 cm, width 50 cm) 152 ± 11** 61 ± 5** Inverted humus belt (depth 20 cm, width 100 cm) 118 ± 9** 63 ± 6** Oxalido-nemorosum forest type, relatively fertile fresh soil No site preparation 306 ± 13 70 ± 3
Tilt ploughing:
berm height 20 cm, 59 ± 5** 42 ± 6** 30 cm, 65 ± 5** 51 ± 9** 40 cm 68 ± 7** 51 ± 7** No site preparation: after 1 year, 312 ± 13 ns 34 ± 6** after 3 year 318 ± 15 ns 63 ± 9 ns Soil piles (60 × 80 × 30 cm): after 1 year, 85 ± 6** 65 ± 5 ns after 3 year 221 ± 11* 78 ± 7 ns Aegopodiosum forest type, fertile fresh soil
No site preparation 186 ± 10 35 ± 7 Tilt ploughing: berm height 20 cm, 110 ± 8** 22 ± 6** 30 cm, 83 ± 6** 21 ± 4** 40 cm 50 ± 3** 22 ± 3** berm width 60 cm, 102 ± 8** 23 ± 5** 80 cm, 82 ± 6** 22 ± 4** 100 cm 62±5** 21 ± 4** *, ** -significant at the P ≤ 0.05 and P ≤ 0.01 probability level, respectively; ns -not significant the method of soil preparation, soil fertility and humidity, weather conditions in the spring and summer. In dry springs and summers the height of weeds was less than in wet years. Their height was greater on temporarily overmoistured than on soils of normal humidity. On soils of the same fertility and humidity, the greatest height of weeds was on completely ploughed soil and on mounds of inverted humus, less -on ploughed berms or piles, while the least on furrows. Despite this, towering weeds, which grow nearby 50-70 cm deep soil furrows, bent on the side of the furrow and shaded even 30-40 cm tall seedlings (Table 3) . Preparing soil in 100 cm wide furrows, only individual trees were strongly shaded. Depending on soil preparation method, in the first year of plantation growth, the most shaded were seedlings planted on unprepared soil (3.1 points), while the least shaded were on 100 cm wide furrows (0.8 point) and piles.
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Zemdirbyste-Agriculture Vol. 101, No. 4 (2014) 399 Table 3 . Shading class and mean time consumption for tending of 100 trees depending on soil preparation methods on relatively fertile and fertile fresh soils Soil preparation methods Shading class (mean ± standard error of the mean) Time consumption for tending of 100 trees (mean ± standard error of the mean)
No site preparation (control) 3.1 ± 0.3 1 h 2ʺ ± 7ʺ
Complete site ploughing 2.6 ± 0.2* 58ʺ ± 5ʺ ns Tilt ploughing 2.1 ± 0.4** 40ʺ ± 6ʺ* Soil mound 0.7 ± 0.1** 28ʺ ± 6ʺ** Inverted humus mound 2.6 ± 0.3* 59ʺ ± 4ʺ ns Furrow (depth 8-10 cm, width 50 cm) 2.0 ± 0.5** 38ʺ ± 3ʺ** Furrow (depth 15 cm, width 100 cm) 0.8 ± 0.2** 30ʺ ± 4ʺ** Furrow (depth 15 cm, width 70 cm) 1.2 ± 0.4** 31ʺ ± 5ʺ** *, ** -significant at the P ≤ 0.05 and P ≤ 0.01 probability level, respectively; ns -not significant Notes. 1 -no site preparation, 2 -furrow (depth 8-10 cm), 3 -furrow (depth 15 cm), 4 -Roundup Bio (4 l ha -1 ) + furrow (depth 15 cm), 5 -complete site ploughing (depth 22-27 cm), 6 -Roundup Bio (4 l ha -1 ) + complete site ploughing (depth 22-27 cm), 7 -tilt ploughing (height 25 cm, width 75 cm), 8 -inverted humus mound (height 20 cm, width 50 cm), 9 -Roundup Bio (4 l ha -1 ) + inverted humus mound (height 20 cm, width 50 cm), 10 -soil piles (60 × 80 × 30 cm), 11 -Roundup Bio (4 l ha -1 ). Vertical bars represent ± standard error (SE) of the mean. 
The influence of soil preparation on the development of ground vegetation in forest plantations on arable farmland and forest clear-cut areas
Soil preparation method influences also the volume and time consumption for tending. The greatest time consumption is required for the tending of unprepared, prepared in mounds or completely ploughed soil -58-62 minutes per 100 trees for onetime tending, the least -soil prepared in piles or 100 cm wide furrows (28-30 minutes per 100 trees).
Discussion
The height of ground vegetation depends on soil preparation method, soil fertility and humidity, on the species of grasses, spring and summer weather conditions. All soil preparation methods reduced the biomass of weeds on fresh cutovers in the first year of plantation growth, as compared to unprepared soil. The effect of soil preparation was increasing with increasing soil preparation depth and width. In the third year, the biomass of weeds in the soil prepared in piles (60 × 80 × 30 cm) was significantly higher in comparison with unprepared soil. The obtained data essentially agree with the results provided by other authors. The mass of weeds in the soil prepared by any method was lower than in the control. Having prepared soil in advance, tending of the plantation in the first year was unnecessary (Вячкилев и др., 1980) . Having prepared the soil in relatively thin tilts (15-25 cm thickness), weeds fully recover already in the second year, while having prepared in relatively thick tilts (20-50 cm), tending of the plantation is necessary only in the third year (Маслаков, Маркова, 1978) . Depending on the method of soil preparation, the following tending of the plantation is required: in unprepared soil -in the first year and later, on prepared soil, depending on the abundance of weeds, in the second and the third year (Лиeпа, 1982) . In the second and the third year, weeds on ploughed tilts develop 2-4 times more slowly than on unprepared soil (Ковaлев, Ковалев, 1986) . Mechanical soil preparation, as compared to unprepared soil, affects the growth of weeds for a very short time. On the soil prepared with ploughs producing 20-50 cm thick berms, weeds start sprouting in the second year.
Soil preparation methods on former farmland often had less influence on the biomass of weeds than on forest soils. The lowest mass of weeds was found on furrows, while complete soil ploughing, preparation in mounds of inverted humus or weed-killing with Roundup Bio reduced the mass of weeds less distinctly, or even increased it. Soil preparation, especially if weeds are killed with herbicides prior to mechanical soil preparation, modifies species composition of weeds, decreases the amount of graminoids (Gramineae) and other perennial grasses, meanwhile, annual weeds start sprouting. Following soil preparation on former farmland, ground vegetation spreads already in the first year. Even complete soil ploughing (tillage and harrowing before planting), leaving the soil weed-free, fails to ensure good development of seedlings. The seeds of annual plants sprout and quickly occupy the whole area (Ferm et al., 1994) . Preparation of the soil before establishing a plantation has a positive effect on the growth of treeplants, but this effect is of short duration due to fast spreading of weeds (Vares et al., 2001) .
Annual weeds most frequently are herbaceous forbs. Herbaceous forbs can be less competitive than graminoids for soil resources (Coll et al., 2003) ; however, forbs compete the most efficiently for light (Frochot et al., 2002) . The root growth of forbs is slower than that of grass species, especially during increasing soil drought. Thus, such a change of herbaceous vegetation after soil preparation in the first year of plantation growth may increase survival of trees. All in all, the growth of seedlings was higher with forbs than with grasses (Balandier et al., 2006) .
The above-ground mass of weeds in the soils of similar fertility on former farmland was higher than in fresh clear-cuts and, depending on soil fertility, comprised on an average 134-612 g m -2 . The development of ground vegetation after soil preparation in the field is faster and more vigorous than on the forest soil (Hytönen, Jylhä, 2005) . The biomass of weeds may be extremely high, especially that of the below ground portion. In Finland, in 51 fields that had not been cultivated for between one and six years, the dry biomass of weeds comprised 274 g m -2
and below ground -1054 g m -2 (Hytönen, Jylhä, 2005) . Despite the differences in soil -climatic conditions between Finland and Lithuania, it is possible to state that our results are very similar to those obtained in Finland.
Conclusions
1. Preparation of soil in furrows, tilts or piles in fresh forest clear-cut areas of mineral soils differing in fertility, reduced the above-ground biomass of ground vegetation by up to 4-9 times in comparison with unprepared soil.
2. Soil preparation on former farmland had a distinct, but significantly less influence than on forest soils. In the first-year-old forest plantations on former farmland, the lowest biomass of weeds was found on furrows. Complete ploughing to the depth of 22-27 cm, preparation in mounds of inverted humus or weed-killing with Roundup Bio reduced the mass of weeds by up to two times. In the one-year-old forest plantations, the differences in the above-ground biomass of weeds among different soil preparation treatments decreased.
3. Soil preparation method determined the shading class of seedlings and the intensity of plantation tending. The least shaded were seedlings planted on wide (100 cm) furrows and 30 cm high piles, the most shaded were seedlings planted on unprepared, completely ploughed soil or on inverted humus mounds. Tending intensity of 100 trees was directly dependant on the shading class.
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